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1. INTRODUCTION

Phased airay antennas can steer transmitted or received signals either linearly or in two dimensions without
mechanically oscilaing the antenna. These antennas are currently consiructed using femite phase shifing
elements. Due 10 the type of circuit requirements necessary 10 operate these antennas, they are costly, large and
heavy. Therefore, the use of these antennas has been limited primarily 10 military applicaions which are
strategically dependent on such capabiliies. In order f0 make these devices available for many other commercial
and miltary uses, the basic concept of the antenna must be improved. If ferroelectric materials could be used
instead of fertites, phased aray antennas would be totally revolutionized. :

A ceramic Barium Strontium Titanate, Ba{-xSrx TiO3, (BSTO), electro-optic phase shifler using a planar
microsirip construction has been demonstrated . In order to meet the required performance specifications,
maximum phase shifting ability, the electronic properties in the low frequency (KHz) and microwave regions
(GHz) must be optimized. As part of this optimization process, various composites of BSTO and non-ferroelectric
oxides have been formulated. The BSTO-Alumina composite has a patent pending on its formulations and the
other composites which are designated herein as BSTO-Oxide Il and BSTO-Oxide lll currently have a patent
undergoing the filing process. All of these composites possess improved electronic properties. The comparison of
the compositions and phase formation of the various BSTO-oxide ceramic composites will be made and related
o their electronic properties. This report will outline some of the initial findings and compare them to the results
found for pure BSTO. Also various metalizaions and encapsulants have been tried and the electronic data for
20 wt% alumina, oxide Il and oxide Il - BSTO composites will be presented.

2. EXPERIMENTAL
21 Cerarmic Processi

Powder forms of Barium Titanate and Strontium Titanate were obtained from Ferro Corporation, Transeico
Division, Pen Yan, N.Y. ( product nos. 219-6 and 218 respectively), stoichiometrically mixed to achieve

Ba gSr 4Ti03 and ball-milled in ethanol using 3/16" alumina media for 24 hrs. The resulting BSTO was then air-
dried, calcined at 1100°C and mixed with either powder alumina (ALCOA Industrial Chemicals, Bauxite, AR,
distributed by Whittaker, Clark, and Daniels, South Plainfield, N.J., product no. A16-SG) or a second oxide
(oxide 1) or a third oxide (oxide Hil) in the proper weight percent and ball-milled again in a slurry of ethanol using
the alumina grinding media for an addtiona 24 iws.

Three wt% of Rhoipex B-60A (Rohm and Haas Co., Philadephia, PA) binder is added to the resulting
BSTO/oxide mixture. The mixture is then air-dried and dry-pressed uniaxially to a pressure of approximately
7000 p.s.i.. Sintering schedules were obtained by employing a deflectometer such as Mitutoyo digimatic
indicator and miniprocessor (Mitutoyo Corp., Paramus N.J.). The densities, % Porosity and % Absorption are




given in Table |. Results were obtained by performing an immersion density in ethanol using a modified ASTM
standard. it should be noted that all of the examined samples have liquid absorption of less than 2%.

Two metaliization techniques were employed. One involved painting two circular, aligned electrodes,
one on either side of the specimens, using high purity silver paint (SPI Supplies West Chester, PA) and
attaching wires using high purity silver epoxy, (Magnobond 8000, made by Magnolia Plastics, Inc., Chambiee,
GA. The other technique utilized the screen prinfing of electrodes using silver conductive ink (FERRO #3350,
Blectronic Materials Division, Santa Barbara, CA) and wires were attached by dipping the specimens in a bath
of 2% silver, 62% tin and 36% lead solder.

The dielectric constants, €', loss tan 8, % tunability were determined for ali composites. The dielectric constant,
" €, is derived from the complex function:

e¢-ie (1)
The loss tan d can be defined as:
tnd=¢"/¢ 2)

and the % tunability of a material is determined using the following equation:
% tunability = { €'(0) - €'(Vapp)}/ {€(0)} _ @)

The tunability measurements were taken in an applied electric field which ranged from 0 to 3.0 V/imicron (um).
The electronic properties given in the tables were measured at a frequency of 1 KHz. Capacitance
measurements for all materials were taken using an HP4284A LCR meter and the dielectric constants were
calculated using equaion (4) and the sample dimensions.

€ = CtiAg, 4)

where

€' = dielectric constant

C = capacitance of BSTO

t = sample thickness

A = sample area

€, =8.8542x 10-12 F/im
Further calculations were done o correct for the effect of fringe capacitance. The dielectric constant has been
caiculated from comrected capacitance values, Ceorr, according 0 equation (5). The edge (fringe) capacitance,
Ce, was calculated from either equation (6) or (7) depending on the electroding configuration2. These equaions




TABLE| Sample Descriptions of BSTO-Oxide Ceramic Compoasites.

BSTO-Alumina
Additive Density (g/cc) . % Porosity % Absorption
Content (wi%)
0wt% Ay O3 5.373 3.16 0.48
1wt% AlyO3 5319 8.94 1.43
Swi% A, 03 4744 6.63 1.10
10 wi% Al 03 4.687 7.15 1.22
20 wt% AlyO3 4.222 7.81 1.46
0 wi% AlyO3 3.965 5.05 1.03
60 wt% AlyO3 3.797 5.47 1.20
80 wt'% AlyO3 3.615 7.48 1.72
pure AlyO3 3.992 4.44 0.95
BSTO-Oxide I
Additive Density (g/cc) % Porosity % Absorption
Content (wi%)
1wt% Oxide Il 5.22 10.31 1.64
5 wi% Oxide I 5.28 8.86 1.51
10 wi% Oxide [l 5.30 7.67 1.23
15 wt% Oxide Il 512 8.27 1.28
20 wt% Oxide 1! 5.37 10.31 1.64
25 wt% Oxide !l 5.44 14.24 2.33
30 wt% Oxide Il 5.40 9.73 1.60
40 wt% Oxide | 5.36 10.59 1.67
50 wt% Oxide Il 5.22 10.34 1.70
60 wt% Oxide Il 5.38 10.28 1.58
BSTO-Oxide Ill
Additive Density (g/cc) % Porosily % Absorption
Content (wi%)
1 wt% Oxide il , 5.00 10.70 1.94
5 wt% Oxide Il 5.30 397 0.63
10 wt% Oxide I 5.19 3.36 0.55
15 wt% Oxide il 495 5.38 0.97
20 wt% Oxids il 5.03 525 0.87
25 wt% Oxide lll 481 3.30 0.55
30 wi% Oxide llI 4,69 427 0.81
40 wt% Oxide il 442 5.40 0.98
50 wt% Oxide Il! 411 5.16 0.99
60 wi% Oxide I 3.94 2.56 0.75
80 wi% Oxide lll 352 10.34 1.87




assume that the ground capacitance is zero and the thickness of the metal layer is much less than the thickness
of the specimen.

Ccor = Cmeas - Ce . (5
where Cmeas = measured capacitance value and Ce is defined below

Two cases are considered:
Both electrodes are equal but smaller than the specimen:
Ce =(0.0019 Cineas - 0.00252In t + 0.0068) P (6)

Diameter of the electrodes are equal to the diameter of the specimen:

Ce =(0.0041 Cmeas - 0.0034int +0.0122) P o .
where P = 7 (delectrode + t) and delectrode = diameter of the electrode and t =thickness of the
specimen.
. RESULTS AND DI ION
X Analysi

SEM examination of the individual bulk ceramic layers of the BSTO-Alumina composite revealed that a
secondary phase became apparent with alumina additions as low as 10 wt%. This phase becomes more
dominant at 35 wt% alumina and then disappears at 60 wt%. Micrographs for these microstructures are
displayed in Figs. 1(a) - 1(c). EDXof the small grains revealed a depletion in alumina while EDX of the larger,
smoother grains displayed an increase in the alumina content This suggests the formation of a barium aluminum
fitanium oxide phase.

SEM examination of the individual BSTO-Oxide Il and BSTO-Oxide lll compositions showed very
litie microstructural difference with added percentages of oxide. A small reducticn in grain size was the most
apparent difference. A micrograph of typical BSTO-Oxide Il and BSTO-Oxide Il microstructures are shown in
Figs. 2(a) and (b) . EDX analysis of the individual layers showed no unusual behavior with the percentage of
oxide |l or oxide il gradually increasing with steady decreases in barium, strontium and titanium.

3.2 X-Ray Diffract

A summary of the X-Ray diffraction results for the various compositions of the BSTO composites are given in
Table Il. it should be noted that there are three different forms of Barium Aluminum Oxide listed within the table.




In agreement with EDX, the results reveal that when alumina is added to BSTO in small amounts, < 20 wi%, a
second phase of Barium Aluminum Titanate, Ba3Al{gTiO9, is formed.  In compositions having between 20 and

40 wt% alumina another phase of Barium Aluminum Titanate forms ie. BaAlgTiOq2 In this composition range
we are also seeing traces of Barium Aluminum Oxide,BaAl432090 8. By the fime the composition reaches 60

wi% alumina no Barium Aluminum Titanate phases are detected. Only faint races of BSTO are discernible at
this composition. At 60 wt% alumina it was not possible to discern which phase was most prevalent or even if
all three phases were present. At 80 wt% alumina a specific phase of Barium Aluminum Oxide still could not be
identified, but definite Al903 peaks became apparent. Pure alumina provided an expected diffraction pattern.

The results for the BSTO-Oxide Il composites are completely different. The results show that initially
oxide Il appears-to be absorbed into the BSTO lattice structure. Atcompositions from 5-50 wt% oxide I, BSTO
is the dominant pattern, but at 60 wt%, oxide Il becomes dominant. Itis also interesting fo note that no second
phase materials were detected at any of the compositions for this composite. Similar results were observed for
the BSTO-Oxide Il composites. The only variation for the latter is that fraces of oxide Il are apparent even with
only a 1 wt% addition.

FIGURE 1 (a) SEM micrograph of BSTO-10 wt% Alumina bulk ceramic composite microstructure,
(b) SEM micrograph of BSTO-35 wt% Alumina bulk ceramic composite microstructure, (c) SEM
micrograph of BSTO-60 wt % Alumina bulk ceramic composite microstructure.




FIGURE 2 (a) SEM micrograph of BSTO-40 wi% Oxide Il bulk ceramic composite microstructure,
(b) SEM micrograph of BSTO-40 wt% Oxide [l bulk ceramic composite microstructure.

TABLE Il X-Ray Diffraction Results.

BSTO-Alumina

Oxide Content . Detected Phases
pure BSTO Ba gSr 4TiOzpattern

1wi% Alp O3 BSTO and BagAl{TiO2q

5wi% Alp O3 BSTO and Ba3zAl4TiOpq
10 wt% Aln O BSTO and BazAl4TiOg(
15 wt% AlyO3 BSTO and BagAl1TiOy¢
20 wi% Alp O3 BSTO, BagAl4TiOpq and BaN13_2020_8
25 wt% Al O3 BSTO, BagAl1TiO9, BaAlgTiO12 and BaAl 3 209 g
30 wi% Aln O3 BagAl1TiOg0, BaAlgTiO12, BSTO and BaAl{3 2090 8
35 wi% AlpO3 BagAl1TiO2(, BaAlgTiO19, BSTO and BaAl43 2090 8
40 wt% Al O BagAl1TiO9q, BaAlgTiOq9, BSTO and BaAl{3 209q g
60 wt% AlyOg Barium Aluminum Oxide (phase unknown) and BSTO
80 wit% Alo O3 Barium Aluminum Oxide (phase unknown) and AlpO3
pure AloO3 AlpO3 pattem




3.3 Electronic Propert

The results for the electronic properties of the BSTO-Alumina composites are shown in Table lil. In this and
subsequent tables there are a few tunability data points missing due to either shorting caused by applicaion of
- high voltages % poorly constructed electroding or because oxide additions > 60 wt% exhibit virtually no
tunability. The dielectric constant of the specimens is quickly reduced for compositions up to 35 wt% alumina at
which point the rate of reduction in the dielectric constant is diminished. The dielectric loss, tan 5, reported here
for all specimens includes the loss caused by the metal contact, improved metallization for these materials will
definitely resultin loss tan 8 < 0.01. The % tunability of the specimens could be increased with an increase in
applied electric field and by using thinner specimens. Even so, the tunability of the composites is maintained at
reasonabie levels (>10%) up to 20 wt% alumina at which time the tunability decreases rapidly. A graph of the
Tunability versus Applied Field is shown in Fig. 3. The inset shows the Dielectric Constant of these
compositions versus Tunability at an electric field of 0.7 V/ium.

Table IV contains the electronic data for the BSTO-Oxide i ceramic composites. As shown in Table
IV the loss tangent of the materials are relatively low (<0.02). It appears that as the dielectric constant decreased
the loss was lowered. The dielectric'constant of the composites decreases with the addition of oxide Il. The
semi-log plot of the dielectric constants of the BSTO-Alumina composites, the BSTO-Oxide Il composites and
the BSTO-Oxide Ill composites is shown in Fig. 4. As shown in Fig. 4, the rate of reduction is similar for both
composites for compositions < 20 wt%. However, between 20 wi% - 50 wt% the rate of reduction in the
dielectric constantis less than that of the BSTO-Alumina composites. The decrease in the dielectric constant for
the two sets of composites is again similar from 60 wt%-100 wt% additive content However, the magnitude of
the dielectric constant for all of theBSTO-Alumina composites is less than that of the BSTO-Oxide Il and BSTO-
Oxide Il composites. This may be due to the formation of the second phases in the BSTO-Alumina composites.

The Tunability (%) versus Applied Electric Field for several compositions of BSTO-Oxide If composites
is shown in Fig. 5. The inset represents the Dielectric Constant of these compositions versus Tunability (%) at
an electric field of 0.7 V/um. Itis apparent that the tunability decreases for compositions less than 30 wt% oxide
Ii. For addifive contents >25 wt% and at similar electric fields, the tunability of the BSTO-Oxide Il composites is
greater than that of the BSTO-Alumina composites. This may again be due to the formation of second phases in
the BSTO-Alumina composites, creaing additional non-ferroelectric phases which inhibit tuning in the material.

The electronic data for the BSTO-Oxide Il composites is shown in Table V. Similar trends were
noticed for these composites with the exception of having lower losses in the other two composites. As shown
in Fig. 6, the loss tangent of the composites are extremely low for most all compositions (decreases slightly with
an increase in oxide Ill). These formulations could therefore be used at much higher operating frequencies, i.e.,
at millimeter wave range, @ 77 GHz. As shown in Fig. 4, the other electronic properties are similar to BSTO-
Oxide Il except for the fact that the dielectric constants are even higher for these compositions in the range 15-60
wt%.




TUNABILITY (%)

TABLE Il Electronic Properties of BSTO (Ba = .6) and Alumina Ceramic Composites.

Alumina Dielectric Loss % Tunability Electric Field
Content Constant Tangent (Vium)
(wt %)
0.0 3299.08 0.0195 19.91 0.73
1.0 2606.97 0.0122 22.50 0.76
50 1260.53 0.0630" 13.88 0.67
10.0 426.74 0.0163 4.79 0.39
15.0 269.25 0.0145 5.72 0.87
20.0 186.01 0.0181 3.58 0.48
25.0 83.07 0.0120
30.0 53.43 0.0135 5.13 2.21
35.0 27.74 0.0029 0.51 0.83
40.0 25.62 0.1616*
60.0 16.58 0.0009 0.01 0.60
80.0 12.70 0.0016
100.0 837 0.0036

* samples had poor contacts
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-
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FIGURE 3 Tunability (%) versus Applied Electric Field (V/um) for BSTO-Alumina composites
(inset shows the Dielectric Constant versus Tunability (%) at an electric field of 0.7 V/um).



TABLE IV Electronic Properties of BSTO-Oxide Il Ceramic Composites

LECTRIC CONSTANT

,
L

DIF

Oxide Il ‘ Dielectric Loss % Tunabifity Eleclric Field
Content Constant Tangent (Vium)
(wt %)
0.0 3299.08 '0.0195 19.91 0.73
1.0 2696.77 0.0042 46.01 2.72
5.0 2047.00 0.0138 12.70 0.76
10.0 ) 1166.93 0.0111 7.68 0.68
15.0 413.05 0.0159 507 1.1
20.0 1399.39 0.0152 5.39 0.76
25.0 273.96 0.0240 6.02 1.02
30.0 233.47 ©0.0098 1.21 0.73
35.0 183.33 0.0091 5.87 0.95
40.0 162.26 0.0095 0.70 0.71
50.0 92.73 0.0071 1.67 1.12
60.0 69.80 0.0098
80.0 17.31 0.0056
100.0 15.98 0.0018 0.05 0.27
10000
, OXIDE 11
; ALUMINA
100017 OXIDE III
100+
10 T T = |
0 25 50 75 100

OXIDE CONTENT (wt%)

FIGURE4 Semi-log plot of the Dielectric Constant versus Oxide Content (wt%) for, BSTO
Oxide ll, BSTO-Alumina and BSTO-Oxide lll composites. (The lines shown depict the best
logarithmic fit to the data.)



The tunability decreases slowly with increase in oxide Ill content and the compositions exhibit high tunabilities
(>10%) up to 60 wi% oxide Il which was not the case for the other composites.

3.4 Electroding / Encapsulation Results

In order to determine the metallization’and packaging which produces the lowest loss tangents in the materials,
we have investigated the use of screen printed fired-on external electroding (terminations) and we have also
performed a cursory study on the effect of polymeric encapsulation on the specimens. To be self-consistent and
to be within the application specifications for many antenna systems, the specimens chosen for this study were
BSTO-Alumina (20wt%), BSTO-Oxide Il (20 wt%) and BSTO-Oxide Il (20 wt%). A description of the
external electrodes used in this study is given in Table VI3, The electroding materials are manufactured by Ferro
Corp., Electronic Materials Division, Santa Barbara, CA.

The BSTO-Alumina (20 wt%) composites showed an increase in the measured loss tangents when
fired-on electrodes were used. The cause for this increase is currently under investigation. The results for the
silver painted specimens are shown in Table VII. The data includes unencapsulated specimens with no wires,
unencapsulated specimens with wires (attached with high purity silver epoxy), and wired specimens
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FIGURE 5 Tunability (%) versus Applied Electric Field (V/um) for BSTO-Oxide Il Composites
(inset shows the Dielectric Constant versus Tunability (%) at an electric field of 0.7 V/um).
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TABLE V Bectronic Properties of BSTO-Oxide il Ceramic Composites.

Oxide M Dielectric Loss % Tunability  Electric Field
Content Constant Tangent Vum)
(wt %)
00 3299.08 0.0195 19.91 0.73
1.0 1276.21 0.0015 16.07 2.32
50 1770.42 0.0014
10.0 ) 1509.19 0.0018
15.0 1146.79 0.0011 7.270 1.91
20.0 1079.21 0.0009 15.95 2.33
25.0 783.17 0.0007 17.46 2.45
30.0 750.93 0.0008 9.353 1.62
35.0 532.49 0.0006 18.00 207
40.0 416.40 0.0009 19.81 253
50.0 280.75 0.0117* 9.550 2.14
60.0 1767 0.0006 11.08 2.70
80.0 17.00 0.0008 0.61 1.72
100.0 13.96 0.0009
* samples had poor contacts
0.0015 0
a
0.00125
a
P 0.001 d
g 0.0017 o
o 0
= o
0.00075 - ]
o (m]
0.0005 T - T T
0 25 50 75 100

Oxide III Content (wt%)
FIGURE 6 Loss Tangent versus Oxide lil Content (wt %) for BSTO-Oxide Ili composites.
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encapsulated with polyester resin. The loss is improved when leads are attached fo the specimens due fo
improved contact -

The BSTO-Oxide Il composites showed a drastic increase in the loss tangent for specimens which had
fired-on electroding. The mechanism for this increase is also being investigated. Table Vil contains the dielectric
constant and loss tangent for BSTO-Oxide Il (20 wi%) composites which were not wired, wired and were
encapsulated with polyester resin. Again, the loss is improved when leads are attached 1o the specimens.

The results for the dielectric constant and the loss tangent for the BSTO-Oxide Il (20wt%) composites
are shown in Table IX. For the samples which have fired-on electroding the wires were attached with 2% sitver,
62% tin and 36% lead solder. The temperature of the solder was maintained at 215 + 5 9C, which controls the
reaction rate between the fired-on electroding and the solder and therefore assures good adhesion. As shown in
Table X, the dielectric constant of the specimens are self-consistent The loss tangents are about the same for all
of the fired-on electrodes and they are lower than those obtained with silver paint for these composites. The loss
is further decreased by attaching leads. This approaches the lowest loss measurement capability of the HP bridge
(which may resultin pseudo-negative values for some specimens). The dielectric constant appears 0 have
increased for the specimens which have been soldered probably due to the inductance of the metaliic/solder
interface and variaions in thickness seem to strongly influence the consistency of the resuits.

TABLEVI External Electroding3.

Product No. Description

3309 Fritted Silver; SnPb solderable

T2026 Standard Silver. SnPb solderable sold
o PZT manufacturers

T2076 Compatible with various titanate
formulations. Good adhesion

T2073 Ptatable fermination for Barium Titanate

T2075 . Ptatable and solderable. Termination

for alumina and ferrite bodies.
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TABLEWVII Electroding Study of BSTO (w/20wt% Alumina) Samples.

Sample Dislectric Constant Loss Tangent @ 1MHz
Ink #: Silver Paint Alr Dried

without wires

BAL16 104.65 .0058460
BAL17 101.67 .0052430
BAL18 110.03 .0056130
with wires

BAL16 107.81 .0044740
BAL17 102.29 .0047330
with encapsulant and wires

BAL-17-polyester 105.40 .0048850

TABLE VIl Electroding Study of BSTO (w/20wt% Oxide ) Samples.

Sample Dielectric Constant Loss Tangent
Ink #: Silver Paint Alr Dried

without wires @ 1KHz

OX216 346.33 .043439

ox217 379.75 .049499

0Xx218 364.08 .049600

with wires @ 1KHz @1 MHz
0X216 319.97 025772 .018506
ox217 343.72 .027378 .014754
with encapsulant and wires

OX2-17-polyester 254.69 .032847 .022930

The resuits for the encapsulation experiments are also shown in Table [X. The three encapsulants chosen were
acrylic (conformal coating), polyester resin, and polyurethane (air-dry). The data indicate that the acrylic coating
produces the largest effect on the electronic properies (decrease in dielectric constant and increase in the loss
tangent) whereas the polyester has moderate changes in the electrical behavior of the materials. The
polyurethane showed the least change in the properties and therefore this encapsulant appears 10 be the best
candidate. Although, lower loss polymers, such as styrene, will be investigated in the near future and
environmental (humidity) studies have not yet been performed.
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TABLE IX Electroding Study of BSTO (w/20wt% Oxide Iil) Samples.

Sample

ink #: 3309 Firing Temperature: 850 C

without wires
OX31
0X32
0X33

with wires
0X31
0X32
0X33

with encapsulants
0X31-acrylic
0X32-polyurethane
0X33-polyester

ink#: T2075 Firing Temperature: 500 C

without wires
0X34
0X35
0X36

with wires
0X34
0X35
0X36

with

0X34-acrylic
OX35-polyester
0X36-poyurtethane

ink#: T2076 Firing Temperature: 600 C

without wires
0X37
0X38
0X39

with wires
0X37
0X38
0X39

with
0X37-acrylic
0X38-polyester
0X39

Dielectric Constant

921.51
916.63
940.18

741.42
899.25
859.30

895.21
868.50
867.88

979.70
1012.33
827.92

865.96
914.67
812.01

863.38
858.28
881.93

886.19
944.75

894.97
811.57

14

Loss Tangent @ 1MHz2

.0012550
.0004800
.0007320

.0020380
.0026570
.0015210

.0100670
.0006250
.0074740

.0007950
.0005060
.0003670

.0013510
.0003490
.0019000

.0105490
-.1106180
0005150

.0020610
.0010720
.0011390

-.0017690
-.0008560

.0018030
~.0055840




Sample
Inkf#: T2026

without wires
0X310
OX311
0X312

with wires
0X310
0X311
0X312

with encapsulants
0X310-polyester
0X311-polyurethane
0X312-acrylic

inicl: T2073

without wires
0X313
OX314
0X315

with wires
0X313
0X314
0X315

with encapsulants
0X313-acrylic
0X314-polyester
0X315-polyurethane

ink#: Silver Paint

without wires
0X316
0X317
0X318

with wires
0X316
ox317
0X318

with encapsulanis
0X316-acrylic
0X317-polyester
0X318-polyurethane

Dielectric Constant
Firing Temperature: 760 C

852.13
881.99
849.63

941.02
1010.07
931.99

898.12
949.13
949.65

Firing Temperature: 850 C

872.78
860.50
873.77

986.01
932.51
944.98

Air Dried

817.47
809.62
806.40

723.13
685.10
963.85

669.78

15

Loss Tangent @ 1MHz

.0004020
.0002990
.0003260

-.0017690
-.0008560
-.0002650

-.0006630
.0003810
-.0000320

.0003830
.0004570
.0005380

.0000240
-0002210

.0040370
.0052190
.0054000

.0031750
.0044900
.0038760




4, CONCLUSIONS

Composites of BSTO and non-femmoelectric oxide ceramics have been fabricated and characterized. The
composites have all dlemonstrated adjustable electronic properties. The dielectric constant of the BSTO-Alumina
composites decreases faster than the BSTO-Oxide Il and the BSTO-Oxide Ill composites from 20-50 wi%
alumina content and is related 1 the formalion of mulliple secondary phases in this composiion range for the
BSTO-Alumina composites. The BSTO-Oxide Il composites exhibited the lowest dielectric loss (<0.001) and
highest dielectric constants in the composition range from 15-60 wi% oxide content The BSTO-Alumina and
BSTO-Oxide Il composites did not show a decrease (as compared to silver paint) in the loss tangents. The
BSTO-Oxide Iil specimens showed a drastic decrease in the loss tangents for specimens with fired-on
electrodes. The attachment of leads improves the dielectric loss for all of the composites. The potyurethane
encapsulant did not change the electronic properties of the BSTO-Oxide fll composites.
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